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The e ffect of growth paramete rs ,  such as the f low rate of HCl ,  the growth tem­
perature and the d i s tance of substrate from the out let  of NH, on the vapor phase  ep i­
taxy of  CaN on ( OOO l)Al,O, substrate are inve stgated. The s ingle c rys tal  laye r i s  
grown on  the substrate whose  temperature i s  between 101o•c and 1055·c. A t  the growth 
tempe rature outs ide of th i s  range, the grown laye rs  cons i s t  of polyc rysta l l ine CaN. 
The carr i e r  concentration and e l ec tron mob i l ity of the s ingle c rys ta l s  are  3-7X 1d"cm' 
and 50-60 cm'/V ·sec ,  re spec t ive ly. The sur face patte rns of grown s ingle crys ta l  layers  
depend ma inly on the angle  between the d i rect ion of  the stream of NH,  gas and the 
axi s  of  the subs trate in the growth reg ion. 
§ 1 . Introduction 
In recent years ,  a III - V compound semiconductor CaN has been inve s t igated with 
large interes t  for the pos s ib i l i ty of the blue l ight emitt ing mate r ia l ,  and i ts  photo -
l um inescence ( undoped CaN,H' doqed CaNii- "'') and e l ec tro lumine scenb'e'li' have been measu ­
red by many authors .  Seve ral growth techn iques  of CaN have been reported, 17-'1 but the 
most widely used method, at the pres ent t ime ,  for the preparat ion o f  s ingle c rys tal  is 
that of  Maruska and T ie j en,"' where a s ingl e  c rys tal l aye r o f  CaN is grown on (000 1) 
Al,O, substrate us ing the react ion between CaC l and NH, vapors  in the open tube sys ­
tem. Howeve r, the growth cond i t ions used in the method are  cons ide rably d i fferent from 
author to autho r. '-"''·"-"'' For example ,  the flow rate of  HCl i s  in the range o f  a few- 200 
ml /min,  and the growth tempe rature is in the range of 850 - 1 15o·c, depend ing on the 
worke rs .  The growth rete of CaN on the subs trate depends on the se  growth paramete rs ,  
and i t  has been shown by .Sh intan i and M inagawa2"' that the growth rate  i s  proport ional 
to the concentrat ion of  CaCl  in the growth region.  
Th i s  pape r pre sents the expe r imental resu l t s  on the e ffec t  of  growth parameters ,  
such  as the f l ow rate of  HC l ,  the growth tempe rature and the pos it i on of  substrate, on 
the c rystal  qua l i ty of CaN laye rs grown on ( OOO l)Al,O, subs trate s .  The c rys ta l  qual i­
ty i s  inve s t igated by X- ray Laue photograph techn ique and e l ec tr ica l  proper t i e s .  The 
re lat ions between the growth morphology and the c rystal qual ity are a l so  reported. 
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§ 2. Experimenta l THREE ZONE FURNACE r · ·---· T - - - · · · - .,. - - - - - - ·l The electr ic furnace 
used here cons ists  of 3 
zones as shown in F ig. 1 .  
The left zone i s  for  im­
pur ity dop ing, the middle 
a Ga source zone and 
the r ight a growth region, 
respect ively. The dop ing 
L - / _  � HCI+Ar ._ � -L----:-l _- _-_-_ -_ -l ____ --;:r--- - - .l-_-_ -_-_ 1+- _- _- _-_j----. EXHAUST 
REACTION TUBE Go In SUBSTRATE on 
ALUMINA BOAT HOLDER 
Fig. 1. Schematic diagram of the growth appratus. The length of t he 
f urnace is 1 m. The doping zone is used for pre-heating of 
gases in the present experiment. 
zone i s  used merely for pre-heat ing of gases in the present exper iments ,  and i s  held 
at about 650oC . The temperature of  the growth region is essent ial ly constant extending 
about 10 em long, and is held at a setting temperature in an accuracy of ± 2°C . The 
total length of the quartz reaction tube inc lud ing outs ide of the furnace i s  2 m and its 
ins ide d iameter 30 mm. The ins ide diameters  of the quartz p ipes for HCl+Ar and NH, 
gases are both 6 mm. The HCl gas pass ing through the cold trap of  dry ice is mixed 
with Ar carr ier gas us ing an asp irator. The pur ites of  gases are HC1 ( 99 . 9% ) ,  NH, 
( 99% ) and Ar ( 99 . 999% ) ,  respect ively. The Ga source in an alumina boat has a pur ity 
of 6-n ine. The sapph ire d isk or iented ( 000 1 ) plane with 0 .  5 mm th ick and 20 mm d i­
ameter i s  cut in four p ieces for substrate. A substrate i s  p laced at an angle of 45° 
with respect to the hor izontal axis  on a quartz ho lder. The substrates are c leaned by 
water , acetone and trichloratylen. Through the present exper iments ,  the constant growth 
conditions are the flow rate of NH, 1 . 25 1 /m in, the flow rate of Ar 1 1 /min, the Ga 
source temperature 900oC .  The standard growth t ime i s  3 hr. 
§ 3 . Results and Discussions 
3. 1 Effe c t  of HCl flow ra te 
Figure 2 shows the growth rate 
of GaN layer grown on ( 0001 ) AI, 0, 
substrate under the flow rate of  HCl  
in the range of 1-8 ml/min, where 
the growth temperature is 1035 oC and 
the d is tance of substrate from the 
outlet of NH, 2 em. Another growth 
condit ions are shown in the end of 
§ 2. The growth rate inc reases al­
most l inearly with inc rease in the 
flow rate of HCl .  This  dependence i s  
s imilar to  the results in refs. 25 and 
26. But, in our case, the crystal 
qual ity depends on the flow rate of  
HCl .  That i s ,  when the rate i s  sma­










Flow rate of HCI (ml/min) 
Fig. 2. T he growth rate of CaN layer depending on the 
flow rate of HCI. The thickness of grown layer 
is measured at the center of substrate. 
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present on the sur face ,  a l though the c rystal  i s  a lmost  transparent. On the othe r hand, 
if it  exceeds 3 ml/min, the c rys ta l co lour  becomes b lack. Espec ia l ly, if the flow rate 
is large r than 5 ml/min,  the grown laye r s  become to polyc rys tal and the co l our  is deep 
b lack. 
3. 2 Effec t  of subs tra te pos i t ion 
The re l at ion between the thickne s s  of  
CaN laye r and the d i s tance of  substrate 
from the outlet o f  NH, under 3 hr  growth 
run is shown in F ig. 3, where the f low rate 
o f  HCl is 3 ml/min and the growth temper­
ature i s  1030'C . When the d i s tance exceeds 
about 6 em, the laye r doe s  not grow un i for ­
m ly .  Accord ing t o  S h intan i and M inagawa,"' 
the growth rate o f  CaN depends on the CaC l  
concentrat ion i n  the growth region, and the 
CaC l concentrat ion dec reases  exponent ia ly 
wi th increas ing the d i s tance .  S o, the growth 
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Fig. 3. The relation bet ween the thickne s s  of grown 
layer  under 3 hr growth run and the distance 
o f  subst rate from the outlet of NH3. 
d i s tance .  F igure 3 shows the s im i lar  resu l t  to them. But, when the d i s tance i s  sma l l e r  
than 1 em, the s ingle c rys tal  layers  can  no t  be  obta ined . 
3. 3 Effe c t  of growth tempera ture 
The tempe rature dependence of the 
growth rate is shown in F ig. 4, where the 
growth rate inc reases  monotonically wi th 
increase in growth tempe rature .  The another 
growth parameters ,  in addi t ion to the cond i ­
t ions i n  § 2 ,  a r e  the f low rate of HC l  2 .  5 
ml /min and the d i s tance o f  substrate from 
the outle t  o f  NH, 1 .  5 em. In F ig. 5, we pre­
s ent the sur face patte rns and the back - r e fl e ­
c t ion X- ray Laue photographs of  the c ry s ­
t a l s  grown a t  each d i ffe rent tempe rature .  
The  sur face patte rns are qu i te d i ffe rent for 
each tempe rature .  The c rystal  l aye r grown 
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Fig. 4. The tempe rature dependence of the growth 
hexagonal patte rns are  c lear ly  obs e rved on rate. 
the c rysta l s  grown at 10 10  and 1 035'C . A hexagon on the sur face becomes large r and 
l arge r with the growth temperature up to 1055'C . However, it d i s appears  aga in on the 
c rysta l s  grown at h ighe r than 1065'C . The Laue photographs a l s o  change depend ing on 
the tempe rature .  The d i ffract patte rn o f  the c rys ta l  grown at 890'C c ons i s t s  of  some 
r ings instead of spotts ,  and shows the l aye r cons i s t s  of polyc rysta l l  ine CaN. As the 
tempe rature is ra i sed, the spots corre spond ing to hexagonal  symmetry of ( 000 1 ) p lane 
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begin to appear, but the traces  of r ings are 
st ill rema ined at 990°C. The layers grown (a) 
at 1010oC and 1035oC exh ib it clear spots 
w ith hexagonal symmetry, and th i s  Laue 
pattern doe s  not change up to 1055oC. But, 
when the growth temperature exce eds 1065oC, (b) 
the Laue photographs show aga in the ring 
patterns. From the s e  observat ion s ,  it i s  
found that the crystals grown at tempera­
ture s in the range 10 10- 1055oC are s ingle 
crystal whose  c -ax i s  is c o inc ident w ith the 
c -ax i s  of the substrate. On the other hand, 
at lower than 990oC and at h igher than 1065 
( c) 
OC, the s urface s of the layers become to (d) 
irregular and the grown crystals con s i st of 
f iber structures round ing each other about 
c -ax i s .  In c onclus ion, under our exper imen­
tal condit ions ,  the temperature range where 
the s ingle crystal growth is pos s ible is be­
tween 10 10oC and 1055oC. Furthermore, the 
s urface s  of the layers grown at 1045oC and 
1055oC are most smoothy and lustrous .  
According to N i sh inaga and M izutan i ,  "·'"' 
i n  the case  of the vapor phas e  heteroepitaxy, 
(e) 
Fig. 5. The temperature dependences of the surface photo­
graphs (left) and the back-reflection X-ray Laue 
photographhs( right). The growt h temperatures are 
(a)890'C, (b)990'C, (c)IOIO'C, (d)l035'C and (e) 
!075'C. The scales for surface phot ographs are all 
same to (a) except for (e). 
the temperature range where the good 
s ingle crystal growth i s  pos s ible becomes narrower w ith the increase  in the m i s f it be­
tween each latt i ce  constant. The misf it of the l att i ce  constant along the a-ax i s  in the 
( 000 1 ) plane between GaN and Al, 0, is about 33%. ''''So, th i s  large m i sfit of latt i ce  
constant may be one  of  the reasons for the narrownes s  of  the temperature range of  the 
s ingl e  crystal growth. But, the s ingle crystal growth at lower" than 1010oC and at 
h igher"' than 1055oC have also  been reported. So ,  the temperature range of the s ingle 
crystal growth should be affected not only by the degree of the m i sf it of the latt i c e  
constant but also  by the another growth conditions .  
The electron mobility and the e lectron concentrat ion o f  the se crystals a t  room tem­
perature are as follows. The mob i l it i e s  of the crystals grown at 89CfC and at h igher 
than 1065°C are 3-15  cm'/V·sec, wh ich are clearly smaller than the value s  of 50-60 
cm'/V·sec  for the crystals grown at the temperature s in the range 990- 1055°('- The 
carrier concentrations are abut 3-7X 101" cm_, for a ll crystals except the crystals 
grown at 890°C whose  carrier concentrat ions exceed 10'" cm.-' 
3. 4 Growth morphology and crys tal orien ta t ion 
The s ingle crystal layers grown on (OOOl ) Al, 0, substrate exh ib it ma inly three 
types of surface pattern as  illustrated by F ig. 6, where (a) shows the pyramidal 
surface  of hexagonal symmetry, ( b )  the scrollwork aspect and ( c )  the s caly growth 
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structure. These growth morphologies have 
• 23,24) 24) also been reported in ·the literature. Ilegems 
have observed that the pyramidal structure 
was seen on the c rystals grown on substrates 
placed far downstream from the GaCI: NH, 
m ixing zone, and as  the substrates came near 
to the m ixing zone , the grown layers began to 
have a flat or con ical aspect and a surface 
s im ilar to our scaly pattern. Wickenden et al�'1 
have obtained the stepped c rystal s im ilar to 
our s caly c rystal using the substrate o r iented 
10° from ( 0001 )plane. In our exper iments ,  the 
pyramidal surface pattern is observed on the 
c rystals th inner than 10 ,um, and the sc roll­
work appear s  on the c rystals th icke r than 30 
,um. The scaly patte rn does not depend on the 
th ickness .  The grown layers showing the se  
three patterns are all s ingle c rystals ,  and 
the c ros s  sections are s imilar to Fig. 7, which 
i s  the electron microscope photograph of the 
c ros s  sect ion of a s caly c rystal. 
Compar ing the pos it ions of the Laue spotts 
o f  grown layer  w ith those  of substrate, it i s  
found that the c -axi s  of the scaly c rystal 
shows the off-axis  of about 2-T, depend ing 
on sample s ,  from the c -ax is  of substrate.  On 
the othe r hand, the c - axe s of the s c rollwork 
and pyramidal c rystals co inc ide w ith the c ­
axJs of  substrate . The correctne s s  o f  the c ­
axi s  o f  substrate u s ed i n  the present expe r i ­
ments i s  about ± 0. 1 o .  
Figure 8 shows the sur f ace photograph and 
its illustrat ion of a sample whose th ickne s s  
changes depend ing o n  the pos it ion. In th i s  
sample ,  the pyramidal pattern appears  in the 
th in layer  reg ion, and the s c rollwork aspect 
is obse rved in the reg ion w ith th icke r layer .  
Th i s  result may show that the pyramidal sur­
face  pattern o f th in  layer  change s into the 
s c rollwork pattern w ith inc rease  in the th ick­
ness  of grown layer.  








Fi g. 6. The surface pat terns of single crystal 
layers: (a) the pyramidal, (b) the 
scrollwork and (c) the scaly. 
SUBSTRATE 
Fig. 7. The electron microsccpe photograph of the 
cross section of the crystal with scaly 
pattern. All single crystal layers exhibit 
the cross sections similar to ,t his. 
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the vapor  ep itaxy used for check ing the 
reason of  the off-axis of  the c-axis of 
scaly c rystals. In the case of ( a ) ,  the 
quartz block is placed after substrate and 
the substrate is hor izonta l ly, The method 
of ( b )  is used in the preceed ing exper i ­
ments. The substrate, i n  the case of ( c ) ,  
is placed also hor izonta l ly without quartz 
b lock. The direct ion o f  NH, gas stream 
mixed with GaCl in each method may be 
thought to be as shown in the figure. For 
the case of ( a )  and ( b ) ,  the stream of 
GaCl :  NH, mixing gas may be a lmost pe r­
pendicular t o  the substrate. Most of c rys­
tals grown by the methods of ( a )  and ( b ) ,  
show pyramidal pattern on the layer with 
thickness as th in as -10 ,urn, and exhibit  
sc rol lwork structure when the layer IS 
thicke r than -30 ,urn. On the other hand, 
the c rystals grown by the method of ( c )  
y ie ld ma inly scaly pattern. From these 
results, the reason of the off-axis of scaly 
c rystal may be attr ibuted to the d i rect ion 
of  the stream of  GaC l : NH, mixing gas with 
respect to the substrate. 
The mob i l ity of the scro l lwork c rystal 
is larger by a factor 1 . 5-2 than that of 
the scaly c rystal .  But ,  the d i fference of 
the carr ier  concentration is not observed 
between these patte rns. 
§ 4. Conclusion 
The e ffect of varwus growth para ­
meters on the vapor phase exitaxial growth 
of CaN on ( 0001 ) Al ,  0, substrate has 
been invest igated. The temperature range 
for single c rystal growth is between 1010°C. 
and 1055oC The c rysta ls grown at tempera­
tures outside of this range consist of poly­
c rysta l l ine f ibe r  structure. The surface 
patte rns of s ingle c rystal layers change 
ma inly depending on the angle between the 
SUBSTRATE 
Fig. 8. The photograph ( upper ) and its illustration 
( lower ) of a sample including both pyramidal 
and scrollwork patterns. The layer of pyramidal 
part is thinner than that of scrollwork part. 
�=3=*' =====-=7, QUARTZ I .... =r .... Go 
HCi+["" ..-, c::= I BLOCK I 
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(c) 
Fig. 9. The three growth methods for checking the rela­
tion between the surface patterns and the direc­
tion of NH3 gas stream mixed with GaCl. In the 
methods of ( a ) and (b ) , the grown single cry­
stals have pyramidal surface for thin layers and 
have scrollwork aspect for thick layers. In the 
case of (c ) , the layers with scaly surface 
pattern are grown. 
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d i rect ion o f  the stream o f  NH, gas and the c -axi s  o f  substrate m the growth region. 
They depend a l s o  on the th ickne s s  o f  grown laye rs . 
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